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■ Abstract. The black hole candidate GX 339-4 was first detected as a variable radio 
source by Sood & Campbell - Wilson [14] in May 1994 with the Molonglo Observatory 

■ Synthesis Telescope (MOST). Since then, several observations have been obtained with 
I the Australian Telescope Compact Array (ATCA) in order to study the radio behavior 

■ of this source in relation to its soft and hard X-ray activity. We present new results 
of high resolution radio observations performed with the ATCA in order to study the 

• jet-like feature observed in GX 339-4 by Fender et al [3]. From the ATCA lightcurve 

at 8640 MHz, we find evidence of quenched radio emission from GX 339-4. 

o 

S INTRODUCTION 



^ . Since its discovery in 1973 with the OSO-7 sateUite [5], GX 339-4 has been 

^ ! extensively studied in optical, X-rays and gamma rays. The optical counterpart 

was identified with a 17*^ magnitude blue star by Doxsey et al. [2], which was found 
to be very variable (15 to 20 mag.). Based on its bimodal spectral behavior and 
its fast timing properties, GX 339-4 has been classified as a black hole candidate 
in a low mass system. GX 339-4 displays all three spectral modes (low state, high 
state and very high state) typical of black hole candidates based on the fiux in the 
2-10 keV band. Recently, Mendez et al. [6] have found evidence for an intermediate 
state between the low state and the hard state. The X-ray spectral behavior of GX 
339-4 is quite similar to that observed in the well known black hole candidate Cyg 
X-1. 

Some ant i- correlation between X-ray states and optical brightness has been re- 
ported by Motch et al. [9]. The companion star is very faint in the off state (or 
very low state), brightens during the low (hard) state and is at an intermediate 



level during the high (soft) state. A brightness modulation of 14.8 hr, interpreted 
as the orbital period of the binary system, has been reported [1] . But due to the 

strong optical emission from the accretion disk, the orbital parameters of GX 339-4 
have not yet been established in order to clearly demonstrate that it is a black hole 
binary. X-ray and optical quasi periodic oscillations have been observed at different 
frequencies, most of them during low state [13]. Its distance estimates range from 
1.3 to 4 kpc, with a favorable distance of 1.3 kpc from X-ray halo measurement 
[10]. 

A variable radio source was first detected by Sood & Campbell-Wilson [14] in 
May 1994 with the MOST and since then, several observations have been per- 
formed in order to study the radio behavior of this source. High resolution radio 

observations by Fender et al [3] in July 1996 revealed the existence of a possible 
jet like feature issuing from the core of GX 339-4. Here we will concentrate on the 
observations conducted in February 1997. 

OBSERVATIONS 

Radio observations of GX 339-4 began on May 25 1994 and are continuing at 
present. Data were collected from the Molonglo Observatory Synthesis Telescope 
(MOST) and from the Australian Telescope Compact Array (ATCA) at a total of 
five frequencies: 843 MHz at the MOST, 1.5, 2.4, 4.7 and 8.6 GHz at the ATCA. The 
ATCA is a synthesis telescope consisting of 6 parabolic dishes, 22 m in diameter, 
mounted on an East- West array. At the time of our observations, the array was in 
the 6 km configuration with a maximum baseline of ~ 6 km. The nominal angular 
resolution was ~ 1 arcsec at 3.5 cm. Amplitude calibration was performed using 
B1934-638, while B1646-50 was used as the phase calibrator. The source was offset 
from the center and the distance between the target and the phase calibrator was 
small (2.8 degrees). We used a cycle of 8 min on source and 2 min on the phase 
calibrator in order to remove any phase error that could introduce artifacts in the 
imaging process. The data were edited and calibrated using the software package 
Miriad. 

SEARCH FOR RADIO JETS 

Miyamoto et al. [8] predicted the existence of a jet in GX 339-4 in its very 
high state. High resolution radio observations at 3.5 cm with ATCA in July 1996 
revealed a possible extension to the West of the source [3], which was detected at 
a level of ~ 6 mJy While phase errors cannot be ruled out as the origin for this 
feature, it is interesting to note that just before these observations, the source's 
radio emission had been undetectable at an upper limit of 1 mJy from MOST. 
This is very reminiscent of the behaviour of Cygnus X-3, which undergoes periods 
of quenched radio emission prior to jet-producing outbursts [15]. 



In order to confirm the existence of this feature, we performed 3 observations 
spaced by one week in February 1997 (3, 10 and 17) in a similar configuration. A 

very weak extension was detected in the 3.5 cm map (Figure 1) of Feb 3 around 
the core of GX 339-4 on the opposite side of the feature observed by Fender et al. 
[3]. The axis of the elongation is consistent with an SE-NW orientation. There is 
no evidence for a counterjet, that could point to a relativistic plasmoid ejection. 
However, the source is compatible with a point source for the other two observa- 
tions (Feb. 10 and 17). Due to the weakness of this feature, these observations 
are not enough to confirm unambiguously the presence of a jet-like feature in GX 
339-4, even if the jets might have disappeared between two observations, because 
they are transient in nature in most X-ray binaries. It is worth noting that all our 
ATCA observations were performed during an X-ray low state. 
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FIGURE 1. 3.5 cm map of GX 339-4 obtained with ATCA on 1997 Feb 3. Contours are -3, 3, 
4, 6, 10, 20, 30, 50, 70 and 90 times r.m.s. noise of 90 /xJy beam~^. The soUd ellipse represents 
the synthesised beam (restored beam of 1.17"x 0.66"). The position (J2000) of the core is a: 17 
h 02 m 49.3 s and 6: -48°47'31.0" 



RADIO LIGHT CURVE AND SPECTRA 

The radio lightcurve of GX 339-4 observed with ATCA at 8640 MHz is displayed 
in Figure 2. GX 339-4 is clearly detected as a variable radio source with variations 
from week to week, but no flaring activity (sudden increase from an essentially 
quiescent level) has yet been detected, such as that seen in Cyg X-3 [15], GRO 
J1655-40 [4] or GRS 1915+105 [12]. This is supported by data from the MOST 
(Hunstead, 1997, private communication). However, we should emphasize that the 
lightcurve is too sparsely sampled at present to allow us to characterize the time 
variability with confidence. A slight variation at 3.5 cm (~ 10%) is also present on 
a timescale of one day. 
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FIGURE 2. ATCA lightcurve of GX 339-4 at 8640 MHz 



We have analysed archival data obtained with ATCA and have found that the 
source has been detected on December 13, 1991 at a level of ~ 3 mJy. However, 
a more interesting result is the non-detection at 3.5 and 6.3 cm (with a one sigma 
upper limit of 0.2 mJy) on April 21, 1992, at a time when the source was very weak 
in hard X-rays. This is very similar again to the quenched radio emission observed 
in Cyg X-3. This is the first time radio emission was not detected from GX 339-4 
at the level of this strong upper limit. 



The radio spectrum of GX 339-4 obtained on 1997 February 17 from 843 MHz 
(36 cm) to 8640 MHz (3 cm) is presented in Figure 3. Observations at 843 MHz 
were performed with the MOST. Using the convention S(z/) oc z^", the spectrum 
could be fitted with a single powerlaw with an average spectral index of -|- 0.24 if 
we excluded the MOST datapoint, but the latter seems to indicate a curvature in 
the spectrum and could suggest the presence of another emission component. The 
inverted spectrum component indicates a compact core which is partially optically 
thick, similar to previous observation [3]. 
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FIGURE 3. Radio spectra of GX 339-4 from 843 to 8640 MHz. The dotted line indicates the 
best fit to the ATCA datapoints. 



DISCUSSION 



Among the radio emitting X-ray binaries, GX 339-4 is a peculiar source. Its 
radio behavior is quite similar to that of Cyg X-1 (variable and flat radio spectra) , 
but with very different temporal hard X-ray activity. Strong outbursts have been 
detected with BATSE [11] in hard X-rays from GX 339-4. The superluminal source, 
GRO J1655-40, exhibits a hard X-ray behavior "similar" to that of GX 339-4, with 
the main difference being that GX 339-4 doesn't show radio flaring and superlu- 
minal radio ejection. Recently, Mioduszewski et al. [7] have shown some evidence 
that Cyg X-3 might also be a superluminal source. The detection of quenched radio 
emission (if confirmed) from GX 339-4 prior to radio ejection could be a missing 
link between these sources. The long term radio behavior of GX 339-4 could link 
the jet sources (and transient radio sources) to Cyg X-1 (persistent radio source) 
and Cyg X-3. All our radio observations have been performed during the low state 
of the source, and a more complete coverage of the various X-ray states should 
provide new clues for the understanding of GX 339-4. 
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